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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

STASILITY AND CONTROL CHARACTERISTICS OF A FIGHTER
ATRPLANE IN INVERTED FLIGHT ATTITUDE AS
DETERMIVED BY MODEL TESTS
By Jomm W. Paulson and Charles V. Bennett

SUMMARY

Tests have been made in the Lasngley free-flight
tunnel to compare the stebility and cantrol chsracter-
istics of a powered alrplane model in the erect snd in
the Inverted flight attlitudes. Force tests snd yaw-trim
tests were made to determine the static stability charac~
teristics of the model and power-off flight tests were
made to determine the general flight charscteristics of
the model In the inverted attitude.

The results of the tests showed that with zero thrust
the longitudinal and directlonal stsbility was almost the
same In the inverted flight attitude es In the erect atti-
tude. With power on, however, a serious reduction in both
longitudinal and directional stabllity occurred in Inverted
flight. The effective dihedral was reversed in the
inverted flight attitude.

INTRODUCTION

Fighter airplsnes at times assume inverted attitudes
while performing combat meneuvers. Inverted attacks are
sometimes made because such attacks provide a means for
a fast bresk-away from the opponent. Pllots of some
fighter sirplanes have recently reported encountering
violent and uncontrollable maneuvers that epparently were
preceded by flight in the Inverted attitude.

In order to obtsin pertinent data concerning the
stabllity and control characterlstics of alrplanes in the
Inverted attitude, tests were made of a typlcal present-
day fighter alrplane model in the Langley free-flight
tunnel. The results of force, flight, and yaw-trim tests
of the model in the erect and in the Inverted attitudes

are presented herein.
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APPARATUS
¥ind Tunnel

The tests were made in the Langley free-flignt tunnel,
a complete description of which 1s given in reference 1.
Photographs of the model flying inverted in the test sec~-
tion of the tunnel are given 1In figures 1 and 2. The force
tests were made on the Lsngley free-flight-tunnel six~-
cormponent balsnce. A description of the balsnce and 1its
overation is given in reference 2, The balsnce so rotates
with the model in ysw that all forces snd moments sre
measured with respect to the stabillity axes. The sta-
blllity axes sre axes In which the Z-axls is in the plane
of symmetry, perpendiculsr to the relative wind, and
directed downward; the X-axlis is in the pleme of symmetry,
perpendlculsr to the Z-axis, and directed forward; and
the Y-axls 1s perpendiculer to the plane of symmstry and
directed to the right.

A stend mounted on the tunmnel floor was used for all
yaw-trim tests. The model when supported on this stend
was restralned in roll, could be locked at any desired
engle of pltch, and was completely free to rotate in yaw,
except for the negligible ball-bearing friction.

Model

The JLdscale model used In the tests is representa-

tive of present-day fighter design having a wing span

of 38.3 feet. The full-scale dimensional characteristics
as represented by the test model are given in the fol-
lowing table: .

Ming spen, £86t o « « « « « o o s o s o o o s o 38.3
Over-all 13ngth, feet e o o o o © e o ¢ s e o« o e o 3’-'-.
Propeller dlameter, feet . . ¢« ¢ ¢« o ¢ ¢ ¢« ¢ o« & & ll.a
Number of propeller blades . . o+ s o o o o o ¢ o o o
Normal weight, pounds . . c s s s e o s e o 6170

Normal center-of-grevity position,
percent mesn serodynemic chord « « « « « « » « « 245
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Wing:
Area, square feet . . . . . o o o o

Incidence of root (reference) chord degrees -

Tip-chord Incldence, degrees . « « « « « .«
Aspect Patlo .« ¢ ¢ ¢ ¢ « o e 6 6 & 8 s e o
Taper ratlo . . . . « s o
Sweepback of leading edge of wing, degrees
Dihedral at wing leading-edge reference
line, degrees . . « ¢ ¢« ¢ o e o o o o o
Meen geometric chord, Inches .« « « ¢« « &+
Mean aerodynamic chord Inches . . « . &

Diastence of leadlng edge of mean aerodynamic

chord behind leading-edge of root chord,
inches . . . . e o 8 s o &
Flap chord, percent wing chord e s o o o

Allerons:
Chord, percent wing chord « « ¢« ¢« s « « &
Ares behind hinge llne, percent wing area
Span, percent wing semlspsan . ¢« o ¢ ¢ - -
Travel, degrees up and down . « « « « + =

Horizontal tail surfaces:
Total ares, square feet . « ¢« ¢ « &+ o ¢ & &
Span, feet . . . o o . o o

Elevator area behind hinge line, square feet

Balence area, squere fest « « « ¢« « o « « &
Distance from normel center of grevlity to
elsvator hinge line, inches .+ « « « «

Vertical taill surface:

Total area, squere feet . « + « & .« .
Rudder area behind hinge line, square feet
Balence area, squere feet . . . . « . e

Distance from normal center of gravity to.
rudder hinge line, Inches .« « ¢ « « « &

A three-view drawing of the model 1s glven 1in
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and photogrephs of the model are shown in figure L.

Power wes supplled to the model propeller by an

electric motor rated 1/2 horsepower at 15,000

rpm. The

motor was geared to the propeller in the ratio of 3.6:1l.
All power tests were made with a propeller blade angle

of 30° at 0.75 raedius.
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SYMBOLS

11ft coefficlent (Lﬁég)

drag coefficlent (Qggé)
Pltching moment)

pltching-moment coefficient ( ges
(Pitching moment positive when nose moves up.)

11 t
rolling-moment coefficient Ro iggsmomen

(Rolling moment positive when right wing 1is
depressed.)

yawing-moment coefficient (YaWingbgomenﬁ)

(Yswing moment positive when nose moves to right.)

/
leteral-force coefficlent |\Lf--’-i'aerg‘g’; forci)
longitudinal-force coefficient (Longitudégal forcé)

(Cx = - Cp when ¥ = 0)

t hrust
effective thrust coefficlent (?ffec ize thrus )
oV2D2

veloclty, feet per second

alr density, slugs rer cublc foot

propeller diasmeter, feet

dynamic pressure, pounds per square foot (%pvz)
meen eerdoynamic chord, feet

wing area, square feet

wing spen, feet

engle of attack of thrust line, degrees

engle of yaw, degrees

engle of bank, degreas

angle of sideslip, degrees (=1
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°zp rate of cheange of rolling-moment coefficient with
i . N .. 6

engle of sldeslip, per degree -§%>u“ -~ -

rate of chenge of yawing-moment coefficlent with
\ dCp
engle of sideslip, per degree 38

CYB rete of change of lateral-force coefflclent with
e}
engle of sideslip, per degree Qﬁﬁg}

Cpy rave of chengze of drag coefficlent with angle of

avtac’{, per egree Y

Cy, rate of chengn of 1lift coefflcient with angle of
a

3¢y,
attacit, poar cegree ba

Cma rate of chanzs of pltching-moment coefflclent with
lbcm

ar.gle of attack, per degree 6

-d
Tﬂ;E static margin for power-off condition, chords (x/c)
L

x distence from center of gravity to neutral point, feet

Op rudder deflectlion, degrees; positive when left rudder
pedal 1s depressed in erect flight or when right
rudder pedal 1s depressed In inverted flight

8g alleron deflection, degrees

8g - olevetor deflectlon, degrees

TESTS

Tests in which the modsl simulated a full-scale
elrplane operating at T, = O end 1800 brake horsepower
were run at a dynamle pressure of 1.9 pounds per square
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foot, which corresponds to an elrspeed of approximately
27 mliles per hour at standard sea-level condltions end to
a test Reynolds number of 166,400 based on the mean aero-
dynamic chord of 0.646 foot., Tests in which the model
slmulated a full-scale alrplane developing 3100 brake
horsepower were run at a dynamlc pressure of 1l.1 pounds
per square foot. The data from all tests are referred

to the stebllity axes in the erect attitude, which Inter=-
sect at the center-of-gravity location thet is 2l;.5 percent
of the meen serodynamic chord. All tests were made with
flaps up.

Force Tests

Force tests were made to determine the ststic longl=-
tudinal stsbllity of the model operating with power simu-
lating zero thrust and 1800 and 3100 brske horsepower for
the full-scale alrplane. These tests were made over a
range of both negative and posltive angles of attack 1in
order to determine the longltudinal staeblllity character-
i1stices in the lnverted end erect attitudes.

Values of thrust coefficient required to simulate
1800 end 3100 full-scsele brake horsepower over the 1lift
renge of the model tests are shown In figure 5. These
date are besed on an assumed full-scale propeller
efficlency of 80 percent.

Force tests over a range of yaw sngles from L0°
to -j0° were msde to determine the static lateral sta-
bllity characteristics at angles of attack of 8°
end =109, which corresponded to 1lift coefficients of
approximately 0.6 and -0.6, respectively. The yaw tests
at a = 8° were made with power simulating zero thrust
and 3100 brake horsepower for the full-scele alrplane
end the yew tests at a = -10° were made with power
simuleting zero thrust and 1800 and 3100 brake horsepower
for the airplene. In all yaw tests, the propeller speed
was set to give the proper amount of power at zero yaw
and was kept constant over the range of yew angles.

Yaw-Trim Tests
The yaw-trim tests were made by deflecting the

rudder and noting the resulting trim sngle of the model
mounted on the stand. Tests of this type are utilized
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In the Lengley free-flight tunnel to indicate the possible
exlstence of rudder lock. The tests were made for a reange
of rudder deflectlions of £30° for power simuleting zero
thrust and 1800 brake horsepower for the airplsne at
angles of attack of 8° and -10°. :

Flight Tests

Flight tests were made to determine the general
flight behavior of ths model 1n the erect and in the
inverted ettlitudes over a speed range corresponding to a
renge of 1ift cosfficients from 0,35 to 0.58. For all
flight tests the propsller was removed snd the statilc
margin was approxi.nately 0.15.

RESULTS AND DISCUSSION

Prosentation of Results

In interpreting the results of inverted flight tests,
two methods of enalysls can be used. The inverted atti-
tude can be consldered from the pilot's viewpoint or from
consliderations of control-fixed stabllity without regerd
to the pillot.

The stebllity and control condlitions that would be
exnerienced by the pllot from his inverted position were
simulated 1In the force and yaw-trim tests of the present
investigation by testing an erect model at negative angles
of attack. The force-test data obtained in this manner
are referred to the axes shown in figure 6(b) in order to
represent the Inverted-attltude condition as it appears
to the pllot. In order to determine the control-fixed
stabllity charaecteristics, however, it was necessary to
transfer the force and ew-trim data to the axes shown
in figure 6(c). Figure Z(c) shows that for consideratlions
of controcl-fixed stebllity, the change to inverted atti-
tude corresponds to a cnange in beslc configuration. The
low-wing design becomes a high-wing design with negative
geometrle dlhedral end the locatlon of the tail surfaces
1s chenged. :

A compsrison of figure 6(b) with figure 6(c) shows
that in order to refer force-test data obtalned at negsa-
tive angles of attack to the axes system of figure 6(c)
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the signs of the mmgles a &and . e&and of the coef-
ficients C1, OCp, Cy, &nd Cp must be reversed. The

slgns of the coefflclents Cp end Cj3, however, do not

change for any system of axes. From these conslderations,
the deriveatives cnp, cYﬁ, Cmy» Or,» &nd -dCpm/dC1,,

obtained from negative angle-of-attack data, do not change
sign but the sign of the derivatlves CLB and cDa is

reversed when they ere referred to the axes system of
figure 6(c).

All force-test data obtained in the present investi-
atlon are presented as the pllot would visusllze them.
See fig. 6(a) for axes system in erect flight and

fig. 6(b) for axes system in inverted flight.) Some of
the force-test dats have slso besn corrected for sign in
accordance with the preceding paragreph end are referred
to the stability axes (figs. 6(a) and 6(c)). All yaw-
trim-test data are elso referred to the axes of flg-
ures 6(a) and 6(c).

Longitudinal Stabllity

The results of force tosts made to determine the
longitudinal stability of the model are presented iIn flg-
ure 7 using the axes of figures 6(a) and 6(b). These
dnte are shouwn referred to the stabllity exes for normal
flight (see figs. 6(a) end 6(c)) in figures 8 and 9.

The dsta of figure 8 show that for zero thrust
inverting the flight attitude resulted in an increase in
the statlc longitudlnal stabillty but for power on
inverting the flight attltude resulted in longltudinsal
instebility.

The data of figure 8 are rearrenged in figure 9 to
afford a direct comparison of the zero-thrust and the
high-power condlitions for the model in the srect and in
the Inverted attltudes. 1In the erect attitude, power
slightly increesed the longltudinal stability, but 1n the
Inverted attitude, powsr was destablllizing and resulted
in longltudinel instaebility. The increase 1n longltudinal
stablillity with power 1s attributed In part to the fact
that the center of gravity 1s below the thrust line in the
erect attitude and sbove the thrust line in the inverted
attitude, The stabllizing effect of power in the erect
attltude is unusual but has been noted in other tests of
this design.
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The results of the fllght tests mede with propeller

" remcved-indicated satisfactory longitudingal stablllity

characteristics of the model in the inverted attitiide.
No unusual dynemic stabllity characteristics were noted
in these tests and the flight betiavior was similar to
that obtailned in the flights of the model in the normel
eroct attitude.

Lateral Stabllity

The basic data obtalned from force tests made to
determine the static laterel stablllity characteristlcs of
the model are presented in figure 10 for the erect attl=-
tude and in figure 11 for the inverted sttltude.

Directional stebllity end trim.- The static
directlonal-stabl1Ity data Tfor Ths model in the inverted
attitude (fig. 11) have been referred to the stabllity
axes snd are compered with corresponding data for the
model In the erect sttitude in figure 12 to illustrate
the effect of sttitude upon the statlc directional sta-
bllity and trim.

The results presented in figure 12 show thaet inverting
the attlitude wlth zero thrust slightly lncreassed the direc-
tional stabllity for smell engles of yew but reduced the
renge of yaw angles for which the model was directlionally
stable, With power on, however, inverting the attitude
decreased the directlionel stability in addition to reducing
the range of yaw engles over whlich the model was direc-~
tionally stable. The data also show that inversion seslmost
wholly eliminated the favorable effect of power upon the
directionel stability.

The data presented in figure 12 have been resrranged
In figure 13 to show the effect of power in the erect and
in the inverted attitude. In the erect attltude, power
greatly increased the directional staebility at the trim
condition (C, = 0) but reduced the renge of yaw angles
for which the model was directionally stable. In the
Inverted attitude, power did not substentlally effect
the directional stabllity at trim but caused.a large
reduction in renge of yew engles for which the model was
stable.

The difference in powsr effects between the erect
end the Inverted attitudes 1s attributed to the change of
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slipstream position with attitude. The results of calcu-~
lations mede by the method of reference 3 to determine
the verticel position of ths slipstresm with respect to
the horizontal tail (fig. 1) indicate thet for the par-
tlcular design tested, inverting asttitude shifted the
high-velocity slipstresm jet away from the vertical tail
surfaces end that consequently the directional stability
contributed by those surfaces was reduced.

The results shown in figure 13 also indicate that the
shift of trim point in the Inverted attitude with power
is in the opposite direction from that in the erect atti-
tude. This shift 1s attributed to the sidewash angles at
the tail induced by propeller rotation. In the erect atti-
tude the vertical tail is located in the upper part of the
slipstresm jet where rotational effects are such as to
cause trim changes (yswing moments) in a negative direction.
Inverting the model attlitude, however, shifts the relation-
ship of the vertical tall to the slipstream Jet so that
the vertical teil is partly in the lower part of the slip-
stream jet and consequently the trim changes are reversed.

The results of the yaw-trim tests, which supplement
the force-test results concerning the directional trim
characteristics of the model, are presented in figures 15
end 16, The date are plotted in figure 15 to show the
effect of model attitude for each power condition and the
same date are rearranged in figure 16 to show the effect
of power on the directional trim characteristics for the
erect and for the inverted attitudes. These results are
in general asgreemsent with the forcs=-test results smnd show
that Invertlng ettlitude caused the model to trim at larger
yaw angles with a given rudder deflection. For the
inverted attitude with zero thrust, the fact thet the
model trims at large yew angles with rudder deflections

reater than -10° indicates that rudder-force reversal
rudder lock) would probably occur in flight at this con-
dition., With power on, simlilar indications of rudder lock
are evident for both the erect and Inverted attitudes,

end the data indicate that rudder lock 1s more likely to
occur In the inverted attitude. For the inverted attitude
with power on the model would trim at normsl angles of
yaw only with rudder deflections between 0° and 5°.

Dihedral effect.- A comparison of the effective~
dihedral characteristics of the model as measured by C;ﬁ

Blope of curve of rolling-moment coefficient against ysw
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angle) was obtained from the data of figures 10 snd 11
for the erect and for the inverted attltudes and is shown
plotted against the directional-stabillty parameter an

in flgure 17. The data for the inverted attitude shown
in this figure represent the data of figure 11 carrected
for slgn to the proper system of axes.

The data of figure 17 show that Inverting the model
attitude for zero thrust reduced the effective-dihedrasl
parameter czﬁ from -0.0011 to 0.000L, which corresponds

approximately to a 7.5° reduction in the effective dihedral.,
This reduction of effective dihedral with inversion of
model attitude is attributed to the change in geometric
characteristics accoupanying inversion. The test model

in the erect position 1s a low-wing model with 5.5° geo-
metric dihedral, but when inverted it becomes In effect

a high-wing model with -5.5° geometric dihedral and there-
fore has 11° less geometric dlhedral. The difference in
the change In geometric and effective dihedral is attri-
buted to the fact thet, because of wing-fuselage inter-
ference effects, a high-wing alrplsme has a higher effec-
tive dihedral thsn a low-wing elrplane with the same geo-
metric dihedral.

Although for control-fixed stabillty the effective
dihedrsl is negetive In the Inverted attitude, it might
appear positive to the pllot. A comparison of the datae
of figures 10 and 11 indicates that no chenge in the sign
of the effective dihedral occurs when erect and Inverted
flight data are referred to the axes of figures 6(a)
end 6(b). The pilot should therefore get the same rolling
response from rudder kicks In the erect and inverted atti-
tudes snd thus might not recognize the existence of the
negative~-dihedral condition.

The results presented in figure 17 show that power
application changed the effective dihedral in the nega-
tive diraction regerdless of model attitude. Consequently,
the negative dihedrsl of the model in the Inverted con-
dition became even more negative with power epplication.

In the flight tests of the model in the inverted attl~
tude with propeller removed, the negative dlhedrel effect
wes evidenced by sn iIncrease in the difficulty in con-
trolling the model laterally. In order to keep the model
flying in the center of the tunnel, the pllot had to use
alleron control more frequently than in flights in the
erect attitude (positive-dihedral condition).

e e memetm——n o er———— ey v = m = e = me a mas
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CONCLUSIONS

From tests of a model of a conventional low-wing
fighter alrplsmne in the Langley free~flight tumnel the
following conclusions were drawn regarding the stablllty
and control cheracteristics of the model in the iInverted
flight attitude:

1. The flight charecteristics of the model in
inverted flight with propeller removed were generally
satisfactory. The lateral stabllity characteristlcs were
not so good as those iIn erect flight, however, because
inverting flight attitude changed the effective dihedral
from positive to negative. The negatlive effective dlhe-
dreal made laterally level flight difficult to maintain,

2. Power application chenged the effective dihedral
in a negative direction regardless of flight attitude.

3¢ The effect of power on longitudinal end direc-
tional stability was much more serious in inverted flight
attitudes than In erect attitudes.

Langley Memorial Asronsubticsal Leboratory
Natlional Advisory Commlittee for Aeronautics
Lengley Field, Va.
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Figure l1.- Test section of Langley free-flight tunnel
showing model flying in inverted attitude.
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Figure 2.- Model flying inverted in test

of Langley free-flight tunnel.
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

figure 3.- Model used 11 free- Flight? - tunnel

investigation of  stabilily  characteristics
in nverred  flight.
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Figure 4.- Plan view and side elevation of model used
in inverted-flight investigation in Langley free-
flight tunnel.
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{a) Conventional stability axes for
normal erect flight. (Axes
about which basic force-test
data are measured.!)

{b) Inverted axes as visualized by
pllot in inverted flight.
(Axes about which basic force-
test data for negative angles
of attack are measured.)

(¢} Conventional stabllity axes for
inverted flight. (Axes to
which force-test data for
negative angles of attack are
referred for comparison with
data for positive angles of
attack.)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 6.— Axes used to evaluate stability
characteristics in inverted flight inves-
tigation.
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Fig. l4a-c . NACA ARR No. L5F25a
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